Mesonephric remnants in the prostate are an unusual mimic of adenocarcinoma with unknown incidence. This condition is considered benign, similar to its counterpart in the female genital tract, but there have only been six cases reported to date, so the histologic spectrum of this finding is uncertain. To determine the incidence and comparative histopathology of this finding, we reviewed all transurethral resections of the prostate obtained at Mayo Clinic (Rochester, MN) in 1989 to identify cases of mesonephric remnants. Among 698 prostatic transurethral resection specimens, we identified 4 cases of mesonephric remnants (0.6% incidence), all in association with nodular hyperplasia. Patients ranged in age from 66 to 82 years (mean, 72 y) and had typical urinary obstructive symptoms; follow-up was obtained in these 4 cases. Four additional consultation cases and one needle biopsy case were also included in this study. Histologically, mesonephric remnants consisted of a proliferation of benign acini arranged in lobules or showing infiltrative growth between smooth muscle bundles without stromal desmoplasia. The acini were typically round or oval, varied in size and spacing, and lined by a single layer of low cuboidal cells with scant to moderate cytoplasm and inconspicuous small nucleoli. The cells of mesonephric remnants were not reactive with antibodies to prostatespecific antigen (eight of eight cases) or with prostatic acid phosphatase (seven of seven cases); highmolecular weight cytokeratin 34␤E12 was positive in the basal cells (six of eight cases). Our results indicate that mesonephric remnants are present in <1% of transurethral resections and are rarely identified in needle biopsies. The acini are lobular or infiltrative and may be architecturally mistaken for adenocarcinoma. This cytologically innocuous finding is probably underreported and interpreted as benign prostatic acini, but this is of no apparent clinical consequence. Immunohistochemical studies with antibodies to PSA and keratin 34BE12 are helpful in separating mesonephric remnants from adenocarcinoma, similar to the case of other benign mimics.
Mesonephric ducts are embryonic structures that are eventually replaced by metanephric ducts to form the permanent kidney. Mesonephric ducts play a critical role in the development of the functional urinary system and male reproductive system, including the ureter, renal pelvis, and collecting tubules, ejaculatory ducts, seminal vesicles, and ductus deferens. Embryonic vestiges of the ducts, mesonephric remnants, may persist after conversion of the ducts to the paramesonephric ducts. In females, mesonephric remnants form the epoophoron and paroophoron in the broad ligament and parametrical lateral to the uterus, cervix, and vagina. In males, mesonephric remnants form the appendix epididymis, although rarely, remnant acini are found in the renal pelvis (1), spermatic cord, vas deferens, and urethra (2); only six cases have been reported in the prostate and prostatic urethra (1) (2) (3) (4) (5) .
Mesonephric remnants consist of small acini lined by benign cuboidal to low columnar epithelium. Mesonephric remnants are an uncommon differential diagnostic consideration among small acinar proliferations in the prostate; one reported case of mesonephric remnants with prominent nucleoli was misinterpreted as adenocarcinoma and resulted in radical prostatectomy (3) . The incidence and comparative histologic spectrum of mesonephric remnants in the prostate has not been previ-ously reported because of the small number of cases identified to date. Herein we report our experience with MR of the prostate.
MATERIALS AND METHODS
Histologic slides from all transurethral resections of the prostate performed at the Mayo Clinic in 1989 were reviewed to identify cases of mesonephric remnants. Additionally, four cases from the consultation files of one of the authors (DGB) and one routine needle biopsy case were included for histologic comparison. The study protocol was approved by the Institutional Review Board of the Mayo Clinic (Rochester, MN).
Immunoperoxidase studies were performed on paraffin-embedded sections using the avidinbiotin-peroxidase method. Briefly, tissue sections were dewaxed, dehydrated, immersed in hydrogen peroxide (0.6%) to quench endogenous peroxidase activity, and steamed in citrate buffer (0.1 M, pH 6.0) for 30 minutes. The sections were rinsed in phosphate-buffered saline (PBS, pH 7.4) and overlaid with antibodies to keratin 34␤E12 (DAKO, Carpinteria, CA; dilution, 1/20), prostate-specific antigen (PSA; DAKO, 1/200), and prostatic acid phosphatase (PAP; DAKO, 1/400) for 45 minutes at room temperature. We used the avidin-biotinperoxidase method with 3,3'-diaminobenzidine (3,3'-diaminobenzidine) chromogen (DAKO Envisonϩ System, DAKO). Positive and negative controls were run in parallel and yielded expected results. Clinical information was obtained through chart review and follow-up with pathologists and clinicians.
RESULTS
Among 698 transurethral resection specimens, 4 cases of mesonephric remnants (0.6% incidence) were identified. Patients ranged in age from 66 to 82 years (mean, 72 y), and all presented with typical urinary obstructive symptoms caused by nodular hyperplasia. Serum PSA concentration was available in 3 patients (Cases 1, 2, and 4) and ranged from 1.0 to 4.3 ng/mL (mean, 3.0 ng/mL). All patients were alive without recurrence, with mean follow-up of 46 months (range, 5 to 87 mo).
Among 4 consultation cases, patients ranged in age from 50 to 80 years (mean, 65 y), and all presented with typical urinary obstructive symptoms caused by nodular hyperplasia. Serum PSA concentration and follow-up were not available.
The last case was a 67-year-old male with elevated serum PSA (5.71 ng/mL). Sextant biopsies were performed, and revealed benign prostatic tissue with focal mesonephric remnants.
Pathologic Findings
The greatest dimension of mesonephric remnants ranged from 0.1 to 0.7 cm ( Table 1 ). The histologic features of prostatic mesonephric remnants were similar to those described in the uterine cervix (6 -9), consisting of a proliferation of closely spaced acini arranged in lobules or infiltrating between muscle bundles and prostatic acini without a stromal desmoplastic response (Figs. 1, 2). Acini varied in size but were usually small; larger acini often contained eosinophilic colloid-like luminal material, a distinctive finding that was apparent at low-power magnification (Figs. 1, 2). Acini were lined by a single layer of small-to medium-size cuboidal cells with scant amounts of eosinophilic or amphophilic cytoplasm (Figs. 1, 2 ). Nuclei were regular with finely dispersed chromatin and occasional small round punctuate nucleoli. No mitotic figures were identified, though mesonephric remnants in Cases 1, 2, 4, and 9 show hyperplastic features. The findings of mesonephric remnants were similar in needle biopsy and transurethral resection specimens.
Immunohistochemical Findings
Immunohistochemical studies were performed in 8 cases, including 4 Mayo cases, 3 consultation cases, and the needle biopsy case. The epithelial cells of mesonephric remnants showed no reactivity for PSA (8 cases) or PAP (7 cases). Six of 8 cases were moderately to strongly reactive in most of cells of mesonephric remnants with antibodies to highmolecular weight keratin 34␤E12 (Fig. 2) . Adjacent benign prostatic epithelium in all cases served as internal positive controls and gave appropriate results.
DISCUSSION
We found that mesonephric remnants are a rare benign finding in the prostate, present in Ͻ1% of transurethral resection specimens. Follow-up revealed no evidence of malignancy, although the number of cases was small and the interval limited. Nonetheless, the cumulative evidence from our nine cases and from six others reported in the literature (four in the prostate, one in the prostatic urethra, and one in the seminal vesicle) indicates that mesonephric remnants in the prostate and adjacent tissues are benign and of no clinical significance ( Table 1) . Recognition of this entity and its typical benign cytologic appearance (with rare exceptions) should allow separation from cancer; lack of PSA and PAP immunoreactivity provides additional support in equivocal or difficult cases (1) (2) (3) (4) (5) (6) . Immunohistochemistry demonstrated keratin 34␤E12 reactivity in most mesonephric remnants cases. However, two of eight of our cases were negative for high-molecular weight keratin. Thus, the presence of high-molecular weight keratin is not a consistent finding in mesonephric remnants, and this feature should not be used for the diagnosis of this entity.
In addition to cancer, mesonephric remnants should be distinguished from other benign small acinar proliferations of the prostate (10). Differential diagnostic considerations include atypical adenomatous hyperplasia, atrophy, postatrophic hyperplasia, basal cell hyperplasia, sclerosing adenosis, verumontanum mucosal gland hyperplasia, and atypical small acinar proliferation suspicious for but not diagnostic of malignancy. Atypical adenomatous hyperplasia is a localized proliferation of small acini without significant cytologic atypia that is usually found in intimate association with nodular hyperplasia (10) . Unlike mesonephric remnants, atypical adenomatous hyperplasia displays a fragmented basal cell layer with keratin 34␤E12, as well as intense PSA and PAP immunoreactivity in the secretory cell layer (10) .
Atrophy and its extreme form, postatrophic hyperplasia, may also be mistaken for mesonephric remnants, but both display at least focal PSA and PAP staining (11) . Atrophy is a ubiquitous microscopic finding in the adult prostate, composed of small distorted glands with flattened epithelium, hyperchromatic nuclei, and stromal fibrosis. Postatrophic hyperplasia consists of a microscopic lobular cluster of 5 to 15 small acini with distorted contours reminiscent of atrophy. One or more larger dilated acini are usually present within these round to oval clusters, and the small acini appear to bud off of the dilated acinus. The small acini are lined by a layer of cuboidal secretory cells with mildly enlarged nuclei with an increased nucleusto-cytoplasmic ratio when compared with adjacent benign epithelial cells (11) .
Another mimic of mesonephric remnants, basal cell hyperplasia, consists of a proliferation of basal cells that is 2 or more cells in thickness at the periphery of prostatic acini, often associated with chronic inflammation (12) . The nests may be solid or cystically dilated and occasionally are punctuated by irregular round luminal spaces, creating a cribriform pattern. The lumens of basal cell hyperplasia may be empty or contain mucin or calcific debris; they lack the intensely eosinophilic proteinaceous secretions of mesonephric remnants (12) .
Sclerosing adenosis of the prostate consists of a benign circumscribed proliferation of small acini set in a dense spindle cell stroma (13) . The acini are predominantly well-formed and small to medium size but may form minute cellular nests or clusters with abortive lumens. The cells lining the acini display a moderate amount of clear to eosinophilic cytoplasm, often with distinct cell margins. The basal cell layer may be focally prominent and hyperplastic, particularly in acini thickly rimmed by paucicellular hyalinized stroma. In some areas, the acini merge with the exuberant stroma composed of fibroblasts and loose ground substance. There is usually no significant cytologic atypia of the epithelial cells or stromal cells, but some cases may show moderate atypia. Sclerosing adenosis can be distinguished from mesonephric remnants by its distinctive fibroblastic stroma, which is rarely seen in mesonephric remnants; hyalinized periacinar stroma occasionally seen in sclerosing adenosis; and immunophenotype of S-100 protein and actin immunoreactivity (13) .
Verumontanum mucosal gland hyperplasia is another uncommon form of small acinar hyperplasia that mimics mesonephric remnants (14) . It is invariably small, Ͻ1 mm; often multicentric; and limited anatomically to the verumontanum, utricle, ejaculatory ducts, and adjacent prostatic urethra and ducts. The acini are small and closely packed, with an intact basal cell layer and small uniform nuclei and inconspicuous nucleoli. The basal cells display immunoreactivity for high-molecular weight keratin and are S-100 protein negative. This lesion is rare in needle biopsies and is almost never sampled in transurethral resections because of the sparing of the verumontanum by this procedure (14) .
In Յ2.5% of needle biopsies, there is a localized proliferation of small acini that is suspicious for carcinoma but falls below the diagnostic threshold (15) (16) (17) (18) . This problem is often caused by the small size of the focus. We have rarely diagnosed adenocarcinoma with as few as three malignant acini, and only when there was frank cytologic anaplasia that was in stark contrast with the adjacent benign epithelium; there was no inflammation or atrophy near the focus of concern, serial sections were obtained, and the possibility of seminal vesicle or ejaculatory duct epithelium was excluded. Other supportive evidence is useful, including patient age, serum PSA concentration, and keratin 34␤E12 expression (16) . Unlike mesonephric remnants, atypical small acinar proliferation displays intense PSA and PAP immunoreactivity in the secretory cell layer (15-21).
Adenocarcinoma arising in mesonephric remnants is a rare but recognized complication in the female genital tract (6 -9); squamous cell carcinoma has also been rarely reported (6) . Carcinoma has not thus far been reported in association with prostatic mesonephric remnants, but it may be difficult to histologically separate from acinar type prostatic adenocarcinoma without the use of immunohistochemical studies.
The anatomic location of mesonephric remnants in the prostate could not be determined in our study because of the nature (chiefly transurethral resection) of the specimens. However, based on the embryological location of the mesonephros and the tissue resected by TURP, we speculate that mesonephric remnants in the prostate are usually situated in a lateral periurethral/transition zone location. Similarly, studies of protein gene product 9.5 immunoreactivity in prostates from human embryos revealed apparent mesonephric tubular cells in the central prostate on the surface of the verumontanum and a small portion of the urogenital sinus (22) .
Our study is limited by reliance on the lightmicroscopic features of mesonephric remnants for identification of cases as well as partial sampling of specimens and thus probably underestimates the true incidence of mesonephric remnants.
In summary, we found that mesonephric remnants are a histologically rare and immunohistochemically distinct finding in the prostate that should be distinguished from adenocarcinoma and other small acinar proliferations of the prostate.
